Detailed phytochemical investigation has been carried out on the bark of Artocarpus elasticus Reinw. ex Blume, which led to the isolation of artonin E (1), a new dihydrobenzoxanthone derivative named elastixanthone (2), cycloartobiloxanthone (3) and artobiloxanthone (4). Structures of these compounds were elucidated on the basis of various spectroscopic (UV, IR, 1D-NMR and 2D-NMR) and MS data. Compounds 1-3 displayed outstanding scavenging activity for 1,1-diphenylpicrylhydrazyl (DPPH) with IC 50 values of 11.5, 21.6 and 40.0 µg/mL, respectively. In addition, compounds 1-3 displayed broad spectrum antimicrobial activities against thirteen different bacterial strains when tested using the disc diffusion assay. Cytotoxic screening revealed that artonin E (1) constantly exhibited strong cytotoxic activity against human estrogen receptor (ER+) positive breast cancer (MCF-7) and human estrogen receptor (ER-) negative (MDA-MB 231) cells in comparison with the other two, with IC 50 values of 2.6 and 13.5 µg/mL, respectively, without being toxic towards the WRL68 (human normal liver) cell line (IC 50 value more than 30 µg/mL). However, the compound was inactive against HepG2 (human liver carcinoma) cancer cells.
The genus Artocarpus (Moraceae) consists of 50 species, mainly distributed over tropical regions of Asia. Some of the species are known for their medicinal value and have a long history of being used to treat liver cirrhosis, hypertension, inflammation, malarial fever, tuberculosis, diarrhea, and dysentery [1a-1d] . A few prenylated flavones, chalcones, arylbenzofurans and dihydrobenzoxanthones have been isolated from this genus and they exhibited interesting cytotoxic, antioxidant, antimicrobial, antimalarial, antiarthritic, antiatherosclerotic, anthelmintic and inhibition of 5-lipoxygenase activities [1a-1b, 2a-2c ].
In the present study, as part of our continuing search for bioactive constituents from Artocarpus species [3a-3e] , further phytochemical investigation was carried out on the bark of A. elasticus which led to the isolation of four flavonoid derivatives, including one new dihydrobenzoxanthone, trivially named elastixanthone (2), along with artonin E (1), cycloartobiloxanthone (3) and artobiloxanthone (4) (Figure 1 ). This paper reports the isolation and structural characterization of these compounds and their antioxidant, cytotoxic, and antimicrobial activities.
The compounds isolated were characterized using spectroscopic methods and by comparison with the data of previous reports [4a-4c] . Detailed spectroscopic data of compounds 1-5 are available in the supplementary section (Table 1-4). Compound 2 was isolated as yellow powder and showed absorption bands in the IR spectrum for hydroxyl (3375 cm -1 ), alkyl (2972 cm -1 ) and chelated carbonyl (1644 cm -1 ) groups. The UV spectrum of 2 displayed absorption maxima at 379, 316, 208 and 261 nm, which are consistent with that of a dihydrobenzoxanthone skeleton. The molecular formula of C 21 H 17 O 7 was confirmed from the HREIMS that exhibited a molecular ion peak at m/z 382.1047 (C 21 H 17 O 7 calcd for 382.1052). The structure was determined mainly by comparing the NMR spectroscopic data with those of artoindonesianin S (5) A sharp singlet peak observed at δ 3.88 verified the presence of one methoxyl moiety, which was deduced to be attached to ring A due to the long range correlations between OMe-7 to C-7 as well as H-8 to C-6, C-4a, C-8a and C-7 (Figure 2a ). The presence of a single aromatic proton in ring B, shown by a singlet at δ 6.50, and which was attributed to H-3', rationalized the pentasubstituted structure of ring B. No HMBC correlation was observed between H-3' and C-7, which further confirmed the attachment of the methoxyl group to ring A (Figure 2b ).
The slight downshielded chemical shift value of H-8 compared with that of 5 suggested that there was an anisotropic effect of the methoxyl group at C-7 in 2 (Table 1 in supplementary data). The dihydrogenated nature of this benzoxanthone was supported by the methylene protons signals of H-9, which appeared as two separate sets of doublets of doublet at δ 2.45 (dd, J = 16.2, 7.1) and δ 3.40 (d, J = 16.2), due to the dihedral angle position between the NPC Natural Product Communications , which were in agreement with the molecular formula of the compound. On the basis of the above evidence, compound 2 was identified as 7methoxy-10-(2-methylprop-1-ene)-5,2',3',5'-tetrahydroxydihydrobenzoxanthone, a new compound which is trivially named as elastixanthone (2).
Artonin E (1) and elastixanthone (2) exhibited positive results when screened by the TLC bioautography method using DPPH. A further antioxidant activity assay was carried out using the DPPH radical scavenging assay. Compounds 1-3 displayed good potential for further development as antioxidant agents with IC 50 values of 11.5, 21.6 and 40.0 µg/mL, respectively ( Table 5 ).
F-OH + R F-O + RH
The reaction above clarifies that the hydroxyl group plays an important role in the activity of flavonoids against free radicals, whereby the presence of a hydroxyl substitution at C-5 in ring A explains the reason why most of the compounds isolated are active. Furthermore, the B-ring hydroxyl configuration is the most significant determinant of scavenging free radicals. The hydroxyl groups in ring B donates hydrogen thus giving rise to a relatively stable flavonoid radical [5] . This explains the high activity of artonin E (1) (IC 50 value, 11.5 µg/mL) as compared with the other compounds, in which the free hydroxyl group at C-5' was lost due to oxidative cyclisation.
Cytotoxic activities were studied using MTT assay with tamoxifen as the standard. As shown in Table 5 , of the compounds isolated, artonin E (1) possessed the most potent cytotoxic activity against MCF-7 and MDA-MB 231 cells, with IC 50 values of 2.6 and 13.5 µg/mL. Previous study showed that artonin E (1) exhibited a cytotoxic affect against P388 leukemia cell lines with an IC 50 value of 0.06 µg/mL [6] . Unfortunately, HepG2 was resistant towards compound 1 with an IC 50 of 33.8 µg/mL, which suggested that the cells may have a different specified molecular site for the ligandreceptor interaction [7] . The strong activity shown by the compound was due to the hydroxylation at position 5 and the resorcinol moiety at ring B (the hydroxyl substitution at position C-2' and C-4'). Nevertheless, artobiloxanthone (4) and cycloartobilo-xanthone (3), which possess almost the same structure as artonin E (1), except for the oxidative cyclisation of the prenyl side chain, displayed no inhibition against the tested cell lines. This is probably due to the steric hindrance of the molecules [8] . [6] revealed that compound 1 isolated from A. rigida showed antimicrobial activity against both E. coli and B. subtilis by the appearance of clear zones 1.2 cm and 0.9 cm in diameter, respectively. There were several studies conducted on the structure activity relationship between flavonoids based on the growth inhibitory zone on a paper disk method. It was suggested that ring B of the flavonoids plays a significant role in either intercalation or hydrogen bond formation with the stacking of nucleic acid bases that will inhibit DNA and RNA synthesis, which causes bacteriostasis of the microorganism. Additionally, hydroxylation on ring A (5, 7 dihydroxylation) or ring B (2', 4' or 4', 6' dihydroxylation) may contribute to strong antimicrobial activity [9] , which explains the strong inhibition of compound 1 against several bacteria tested.
From the above data, of all the samples tested, artonin E (1) demonstrated a great potential to be developed into antioxidant, antibacterial, and chemotherapy agents.
Experimental
General: All melting points were determined using a hot-stage melting point apparatus, model Leica Galen III, equipped with microscope and electrothermal digital melting point. IR spectra were obtained from a Perkin Elmer FR-IR (model 1725X) spectrophotometer, and UV spectra from a Shimadzu UV 2100. Optical rotations were recorded using a Jasco P200 digital polarimeter at 20˚C in MeOH. The 1 H and 13 C NMR were recorded on a JEOL ECA-400 spectrometer operating at 500 MHz with tetramethylsilane (TMS) as the internal standard. The mass spectra were obtained from a Shimadzu GSMS-QP5050 spectrometer. 
HREIMS by ToF mass spectrometry was conducted at the

Extraction and isolation:
The dried powdered bark (1.3 kg) of A. elasticus was macerated successively in n-hexane, ethyl acetate and methanol, thrice each for 72 h. The solvents were evaporated using a rotary evaporator at 40°C to yield n-hexane (1.55 g), ethyl acetate (40.22 g) and methanol (30.52 g) extracts. The ethyl acetate extract was fractionated using a silica gel column, eluted with n-hexaneacetone (1:9), which yielded compound 1 (3 g) that was identified as the known artonin E [4a] . Fractions 30-43 from the previous column were combined and subjected to normal phase CC to afford compound 2 (5 mg). The methanol extract was subjected to vacuum liquid chromatography (VLC) and further purified by a series of CC. VLC provided 52 fractions. Fractions 40 and 41, which were eluted by acetone : methanol (7:3) were rechromatographed over silica gel to yield sub-fractions 37-40 and 70-72, which were then crystalized to afford 8 mg of cycloartobiloxanthone (3), as well as 4 mg of artobiloxanthone (4). 
Elastixanthone
TLC bioautography analysis:
The pure compounds were dissolved in acetone (1 mg/mL, 2 µL) and directly deposited onto TLC plates. The developed TLC plates, after drying, were sprayed with a DPPH in methanol solution according to the published method [10] . Compounds with DPPH scavenging activity were observed as white bands on a purple background. Each TLC plate was also monitored under UV light at 254 and 366 nm before spraying.
DPPH· scavenging capacity assay:
The effect of DPPH radical scavenging was evaluated as described in Kassim et al. [10] . The plate was shaken to ensure thorough mixing before being placed in a dark room. After 30 min of incubation at room temperature, the optical density (OD) of each well was read using the ELISA Reader at a wavelength of 517 nm. The percentage of inhibition was calculated using the following formula: % Inhibition = 1 -OD (DPPH + Sample)/ OD (DPPH + MeOH) x 100
All tests and analyses were run in triplicate and averaged. The fractions that gave positive results in the antioxidant activity were further purified using CC.
Cytotoxicity assay:
For cytotoxic activity, all pure compounds isolated from A. elasticus were tested in the standard MTT assay as described by Rahmani et al. [3b] . Stock solution was prepared at a concentration of 10 mg/mL in DMSO. The cell viability was determined by the formation of blue formazan crystals of MTT, which were then dissolved in DMSO. The cytotoxic assay was performed in a 96-flat bottomed microwell plate. Each well was filled with 100 µL sample solution of different concentrations (100, 50, 25, 12.5, 6.25, 3.125, 1.562 and 0.78 µg/mL), which were prepared from a stock solution by serial dilution with RPMI-1640. Into each well was then added 100 µL of exponentially growing cell suspension in complete growth medium at a concentration of 1 x 10 5 cells/mL. After incubation for 24 h, 20 µL of MTT solution (5 mg in 1 mL PBS) was added to each well followed by 2 h incubation at 37˚C. After the plate was removed from the incubator, it was kept in the dark for 30 min before the absorbance was read at 570 nm using an ELISA reader. Tamoxifen was used as the positive control. The percentage of cell viability was determined as follows: % Viability: (OD sample / OD control) x 100 A graph was plotted for the percentage of cell viability against concentration of the extract or compound. The cytotoxicity index used was IC 50 , the concentration that yielded 50% inhibition of the cells compared with the untreated control. Pure compounds that showed cytotoxic activity with an IC 50 < 20 µg/mL are qualified for further cytotoxicity investigation [3b].
Disc diffusion assay:
The growth inhibition of bacteria by extracts and pure compounds isolated from A. elasticus were assessed by the filter paper disc diffusion method [11] . Each bacterial strain was cultured in 10 mL sterile broth at 37ºC overnight and the concentrations of the broth were adjusted turbidometrically at 600 nm to give 10 5 -10 6 colony forming units per mL. Sterile paper discs (6 mm) were impregnated with 10 μL each of the samples and placed on the surface of Mueller Hinton Agar (MHA) plates, which had been previously inoculated with 0.1 mL suspension of the selected organism. Streptomycin (10 μg/mL) was used as the positive control and DMSO as the negative control. Plates were incubated for at 37ºC for 18-24 h. The antibacterial activity of the pure compounds was determined by measuring the diameter of the inhibition zone (mm).
Supplementary data:
Spectroscopic data of all reported compounds are available in supplementary data (Tables 1-4).
